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1  
(§)  Polisher-finer  apparatus. 

An  apparatus  for  finishing  toric  surfaces  of  opthalmic 
lenses  includes  a  frame  (22)  and  a  first  assembly  for 
providing  an  orbital,  breakup  motion  to  a  lapping  tool  (42) 
having  a  polishing  surface  of  a  selected  base  curve  and  cross 
curve.  A  second  assembly  is  also  mounted  upon  the  frame 
(22)  for  providing  an  orbital,  break-up  motion  to  a  lens  (50)  to 
be  finished.  Adjustment  means  (102,  132)  are  provided  for 
selectively  adjusting  the  amplitude  of  the  orbital,  break-up 
motion  of  both  the  lapping  tool  (42)  and  the  lens  (50). 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r  

f i n i s h i n g   l e n s e s .   More  s p e c i f i c a l l y ,   t h i s   i n v e n t i o n  

r e l a t e d   to  an  a p p a r a t u s   f o r   p o l i s h i n g   or  f i n i n g  

t o r i c   s u r f a c e s   of  o p h t h a l m i c   l e n s e s .   In  o p h t h a l m i c  

l e n s   f i n i s h i n g ,   t h e   t e r m s   " p o l i s h "   and  " f i n e "  

a r e   t e r m s   of  a r t   i n d i c a t i n g   a  d e g r e e   of  f i n i s h  

a c h i e v e d .   S i n c e   t h e   s u b j e c t   a p p a r a t u s  i s   u s e d   f o r  

b o t h   p o l i s h i n g   and  f i n i n g   t h e   t e r m s   w i l l / b e   u s e d  

i n t e r c h a n g e a b l y .  

In  o p h t h a l m i c   o p t i c s ,   l e n s   b l a n k s   a r e  

f o r m e d   f r o m   g l a s s   or  p l a s t i c   and  a  c o n v e x   s u r f a c e  

of  t h e   l e n s   i s   m o u n t e d   upon   a  r e t a i n i n g   m e m b e r  

known  as  a  l e n s   b l o c k .   The  l e n s  a n d   b l o c k   a r e   t h e n  

a c c u r a t e l y   m o u n t e d   upon   a  g r i n d i n g   a p p a r a t u s   w h e r e i n  

a  t o r o d i a l   s u r f a c e   of  c o m p o u n d   p r e s c r i p t i v e   v a l v e  

is   r o u g h   g r o u n d   i n t o   a  c o n c a v e   p o r t i o n   of  t h e   l e n s .  

In  t h i s   r e g a r d   a  f i r s t   p r i n c i p a l   m e r i d i a n   of  t h e   l e n s  

t y p i c a l l y   has   a  d i f f e r e n t   d i m e n s i o n   t h a n   a  s e c o n d  

p r i n c i p a l   m e r i d i a n   n o r m a l   to   t h e   f i r s t .   F o l l o w i n g  

t he   i n i t i a l   g r i n d i n g   o p e r a t i o n ,   an  o p h t h a l m i c   l e n s   i s  

f i n e d   and   t h e n   p o l i s h e d   to   a  f i n a l   p r e s c r i p t i v e  

v a l u e .   L e f t   and  r i g h t   l e n s e s   a r e   t h e n   m o u n t e d  

upon  an  e d g e   g r i n d i n g   m a c h i n e   to   c u t   t he   o u t e r  

p e r i p h e r a l   . shape   r e q u i r e d   to   be  c o m p a t i b l e   w i t h   a n  

u l t i m a t e   w e a r e r s   eye  g l a s s   f r a m e .  

The  s u b j e c t   i n v e n t i o n   i s   d i r e c t e d   to  a  

p o l i s h e r - f i n e r   a p p a r a t u s   and  c o m p r i s e s   an  i m p r o v e -  

men t   o v e r   a  S t i t h   U n i t e d   S t a t e s   P a t e n t   No.  3 , 7 3 2 , 6 4 7  

of  common  a s s i g n m e n t   w i t h   t h e   s u b j e c t   a p p l i c a t i o n .  



More  s p e c i f i c a l l y ,   t h e   S t i t h   p a t e n t   d i s c l o s e s   a  

p o l i s h e r - f i n e r   w h e r e i n   t h e   l e n s   i s   f i n i s h e d   b y  

b e i n g   b i a s e d   i n t o   a  l a p p i n g   t o o l   h a v i n g   a  t o r i c  

s u r f a c e   of   t h e   f i n a l   d e s i r e d   p r e s c r i p t i v e   v a l u e .  

The  l a p p i n g   t o o l   is   d r i v e n   in   an  o r b i t a l ,   b r e a k - u p  

m o t i o n   r e l a t i v e   to   t h e   l e n s   to   p r e v e n t   r i d g e s ,   g r o o v e s  

a n d / o r   o t h e r   a b e r r a t i o n s   f r o m   f o r m i n g   in   t h e   l e n s  

s u r f a c e   w h i c h   m i g h t   o c c u r   i f   r e g u l a r   or  u n i f o r m  

m o t i o n   d e v i c e s   were   u t i l i z e d .   In  a d d i t i o n   to  o r b i t a l ,  

b r e a k - u p   m o t i o n   of  t h e   l a p p i n g   t o o l   t h e   S t i t h   p a t e n t  

d i s c l o s e s   m o v i n g   t h e   l e n s   in   a  t r a n s v e r s e   m o t i o n   f r o m  

s i d e - t o - s i d e .   In  a t   l e a s t   one   o t h e r   s y s t e m ,  

f r o n t   t o   r e a r   m o t i o n   i s   a d d e d   to  t h e   t r a n s v e r s e  

m o t i o n   o f   t h e   l e n s   to   be  f i n i s h e d .  

A l t h o u g h   p o l i s h e r - f i n e r   s y s t e m s   of  t h e   t y p e  

p r e v i o u s l y   d e s c r i b e d   have   b e e n   w i d e l y   u t i l i z e d ,   r o o m  

f o r   s i g n i f i c a n t   i m p r o v e m e n t   r e m a i n s .   In  t h i s   r e g a r d ,  

i t   w o u l d   be  d e s i r a b l e   to  i n c r e a s e   t h e   r e l a t i v e   s p e e d  

of  m o t i o n   b e t w e e n   t h e   l a p p i n g   t o o l   and  l e n s   w i t h o u t  

s a c r i f i c i n g   any  of  t h e   s y s t e m   f i n i s h i n g   a b i l i t y .  

S t i l l   f u r t h e r   i t   w o u l d   be  d e s i r a b l e   to  be  a b l e   t o  

f a c i l e l y   v a r y  t h e   a m p l i t u d e   o f   t h e   o r b i t a l ,   b r e a k -  

u p  m o t i o n   of   t h e   a p p a r a t u s .  

OBJECTS  OF  THE  INVENTION 

I t   i s   t h e r e f o r e   a  g e n e r a l   o b j e c t   of  t h e   i n -  

v e n t i o n   to   p r o v i d e   a  n o v e l   a p p a r a t u s   f o r   f i n i s h i n g  

o p h t h a l m i c   l e n s e s   w h i c h   w i l l   a d v a n t a g e o u s l y   a c h i e v e  

d e s i r a b l e   c h a r a c t e r i s t i c s   of  t h e   t y p e   p r e v i o u s l y  

d e s c r i b e d .  



I t   is  a  p a r t i c u l a r   o b j e c t   of  t he   i n v e n t i o n  

to  e n h a n c e   the   s p e e d   in  w h i c h   t o r i c   l e n s   s u r f a c e s  

may  be  f i n i s h e d .  

I t   i s   a  r e l a t e d   o b j e c t   of  t he   i n v e n t i o n   t o  

d e c r e a s e   l e n s   f i n i s h i n g   t i m e   w i t h o u t   i n c r e a s i n g   t h e  

o r b i t a l ,   b r e a k - u p   s p e e d   of  t h e   l e n s   l a p p i n g   t o o l .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   a  n o v e l   a p p a r a t u s   w h e r e i n   t h e   a m p l i t u d e  

of  o r b i t a l ,   b r e a k - u p   m o t i o n   of  a  l e n s  f i n i s h i n g  

a p p a r a t u s   may  be  f a c i l e l y   a d j u s t e d .  

I t   is  a  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n  

to  p r o v i d e   a  n o v e l   l e n s   f i n i s h i n g   a p p a r a t u s   w h e r e i n  

t h e   r e l a t i v e   f i n i s h i n g   m o t i o n   b e t w e e n   a  l e n s   l a p p i n g  

t o o l   and  a  l e n s   may  be  e n h a n c e d .  

BRIEF  SUMMARY  OF  THE  INVENTION 

A  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n  

w h i c h   is   i n t e n d e d   to  a c c o m p l i s h   at   l e a s t   some  o f  

t h e   f o r e g o i n g   o b j e c t s   c o m p r i s e s   a  l e n s   f i n i s h i n g  

a p p a r a t u s   h a v i n g   a  f i r s t   g i m b a l   m o u n t e d   a s s e m b l y  

f o r   p r o v i d i n g   an  o r b i t a l ,   b r e a k - u p   m o t i o n   to   a  l e n s  

l a p p i n g   t o o l .   The  s u b j e c t   f i n i s h i n g   a p p a r a t u s  

f u r t h e r   i n c l u d e s   a  s e c o n d   g i m b a l   m o u n t e d   a s s e m b l y  

f o r   p r o v i d i n g   an  o r b i t a l ,   b r e a k - u p   m o t i o n   to   a  l e n s  

to  be  f i n i s h e d .   In  c o m b i n a t i o n   the   f i r s t   and  s e c o n d  

g i m b a l   m o u n t e d   a s s e m b l i e s   p r o d u c e   a  d u a l   o r b i t a l ,  

b r e a k - u p   m o t i o n   b e t w e e n   a  t o r i c   l e n s   and  a  l a p p i n g  

t o o l .   F i r s t   and  s e c o n d   a d j u s t m e n t   a s s e m b l i e s   a r e  

c o n n e c t e d   to  the   f i r s t   and  s e c o n d   g i m b a l   m o u n t e d  

m e m b e r s   fo r   s e l e c t i v e l y   v a r y i n g   the  a m p l i t u d e   o f  

t he   o r b i t a l ,   b r e a k - u p   m o t i o n s .  



THE  DRAWINGS 

O t h e r   o b j e c t s   and  a d v a n t a g e s   of   t he   p r e s e n t  

i n v e n t i o n   w i l l   b e c o m e   a p p a r e n t   f r o m   t h e   f o l l o w i n g  

d e t a i l e d   d e s c r i p t i o n   of  a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f   t a k e n   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   w h e r e i n :  

FIGURE  1  i s   an  a x o n o m e t r i c   v i e w   of  a n  

a p p a r a t u s   f o r   f i n i s h i n g   o p h t h a l m i c   l e n s e s   i n  

a c c o r d a n c e   w i t h a   p r e f e r r e d   e m b o d i m e n t   of   t h e  

i n v e n t i o n ;  

FIGURE  2  i s   a  f r o n t   v i e w   of   t h e   a p p a r a t u s  

d e p i c t e d   in   FIGURE  1  w i t h   t h e   f r o n t   h o u s i n g   e l e m e n t s  

r e m o v e d   to  d i s c l o s e   d u a l   b r e a k - u p   m o t i o n   a s s e m b l i e s  

m o u n t e d   a b o v e   and   b e l o w   l e n s   to   b e  f i n i s h e d ;  

FIGURE  3  i s   a  s i d e   e l e v a t i o n a l   v iew  of  t h e  

s u b j e c t   a p p a r a t u s   w h e r e i n   one  s e t   of   u p p e r   a n d  

l o w e r   b r e a k - u p   m o t i o n   a s s e m b l i e s   a r e   p a r t i c u l a r l y  

i l l u s t r a t e d ;  

FIGURE  4  i s   a  b a c k   v i e w   of   t h e   a p p a r a t u s  

d e p i c t e d   in   F I G U R E S  1 - 3 ;  

FIGURE  5  i s   a  t o p   v i e w   of   t h e   s u b j e c t  

a p p a r a t u s ;  

FIGURE  6  i s   a  c r o s s - s e c t i o n a l   v i ew  t a k e n   a l o n g  

s e c t i o n   l i n e   6-6  in  FIGURE  3  and  d i s c l o s e s   a  f i r s t  

e c c e n t r i c   m o u n t i n g   a s s e m b l y ;  



FIGURE  7  i s   an  a x o n o m e t r i c   v i e w   of  o n e  

f o r m   of  f l e x i b l e   b e l t   u s e d   w i t h   t h e   s u b j e c t  

a p p a r a t u s ;  

FIGURE  8  i s   an  a x o n o m e t r i c   v i e w   of  a n o t h e r  

f o r m   of  b e l t   u s e d   w i t h   t h e   s u b j e c t   a p p a r a t u s ;  

FIGURE  9  i s   an  e x p l o d e d   a x o n o m e t r i c  

v i e w   of  a  s e c o n d   e c c e n t r i c   m o u n t i n g   a s s e m b l y   w h e r e i n  

t h e   e c c e n t r i c i t y   may  be  f a c i l e l y   a d j u s t e d   as  d e s i r e d ;  

FIGURE  10  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l  

v i e w   of  t h e   a d j u s t a b l e   e c c e n t r i c   in  one  e x t r e m e  

p o s i t i o n ;   a n d  

FIGURE  11  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l  

v i e w   of  t h e   a d j u s t a b l e   e c c e n t r i c ,   s i m i l a r   t o  

FIGURE  10  b u t   in  t h e   o t h e r   e x t r e m e   p o s i t i o n   o f  

a d j u s t m e n t .  



DETAILED  D E S C R I P T I O N  

R e f e r r i n g   now  to   t h e   d r a w i n g s ,   w h e r e i n  

l i k e   n u m b e r a l   i n d i c a t e   l i k e   p a r t s ,   and  p a r t i c u l a r l y  

FIGURE  1  t h e r e o f ,   t h e r e   w i l l   be  s e e n   an  a x o n o m e t r i c  

v i e w   of  a  p o l i s h e r - f i n e r   a p p a r a t u s   20  in  a c c o r d a n c e  

w i t h   a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n .  

B e f o r e   p r o v i d i n g   a  d e t a i l e d   d e s c r i p t i o n   o f  

t h e   s u b j e c t   s t r u c t u r a l   s y s t e m   i t   may  be  w o r t h w h i l e  

to  b r i e f l y   o u t l i n e   t h e   c o n t e x t   of  t h e   i n s t a n t  

i n v e n t i o n .   In  t h i s  c o n n e c t i o n ,   t h e   p o l i s h e r - f i n e r  

a p p a r a t u s   20  i n c l u d e s   a  g e n e r a l l y   u p r i g h t   f r a m e   2 2 ,  

n o t e   FIGURE  2,  w h i c h   s u p p o r t s   l e f t   and  r i g h t   s i d e  

w a l l s   24  a n d . 2 6   r e s p e c t i v e l y   as  w e l l   as  u p p e r   28 

a n d  l o w e r   30  f r o n t   c a b i n e t   m e m b e r s .   A  w o r k i n g  

e n c l o s u r e   32  i s   m o u n t e d   a t   a  g e n e r a l l y - m i d   p o i n t  

of  t h e   a p p a r a t u s   and  i n c l u d e s   a  c a t c h   b a s i s   34  a n d  

a  l i d   36  h a v i n g   a  t r a n s p a r e n t   w i n d o w   3 8 .  

The  a p p a r a t u s   i s   p r o v i d e d   w i t h   a  c l o s e d   l o o p  

f l u i d   s y s t e m ,   an  a i r   p r e s s u r e   s y s t e m   and  an  e l e c t r i -  

c a l   s y s t e m   ( n o t   s h o w n ) .   T h e s e   s y s t e m s   a r e   c o n t r o l l e d  

and  m o n i t o r e d  b y   an  a r r a y   of   g u a g e s   and  c o n t r o l  

s w i t c h e s   40  w h i c h   a r e   w i t h i n   t h e   p u r v i e w   of  o n e  

s k i l l e d   in   t h e   a r t .  

In  b r i e f   o p e r a t i o n ,   an  o p e r a t o r   d e s i r i n g  

to  f i n i s h   o p h t h a l m i c   l e n s e s   l i f t s   t h e   c o v e r   36  a n d  

i n s e r t s   l a p p i n g   t o o l s   42  and  44,  n o t e   FIGURE  2 ,  

o n t o   l e f t   and  r i g h t   o r b i t a l ,   b r e a k - u p   a s s e m b l i e s  

46  and  48.  The  l a p p i n g   t o o l s   a r e   s e l e c t e d   to  h a v e  

a  c o n v e x   t o r i c   c o n f i g u r a t i o n   c o m p a t i b l e   w i t h   t h e  

s h a p e   of  t h e   l e n s e s   to   be  f i n i s h e d .  



L e f t   50  and  r i g h t   52  b l o c k e d   l e n s e s   a r e   t h e n  

p o s i t i o n e d   upon  t h e   l a p p i n g   s u r f a c e   of  t h e   t o o l s   42 

and  44  r e s p e c t i v e l y   and  a r e   b i a s e d   a g a i n s t   t h e  

l a p p i n g   t o o l s   by  t h e   p r o v i s i o n   of   a i r   p r e s s u r e  

b i a s i n g   a s s e m b l i e s   54  and  56,  n o t e   FIGURES  2  a n d  

3.  The  b i a s i n g   a s s e m b l i e s   in  t u r n   a r e   s u s p e n d e d  

by  l e f t   and  r i g h t   o r b i t a l ,   b r e a k - u p   a s s e m b l i e s   58  

and  6 0 .  

Lens   f i n i s h i n g   ( i . e .   p o l i s h i n g / a n d / o r   f i n i n g )  

is   t h e n   a c h i e v e d   by  p r o d u c i n g   r e l a t i v e   o r b i t a l ,  

b r e a k - u p   m o t i o n   b e t w e e n   t h e   l e n s e s   50  and  52  a n d  

a s s o c i a t e d   l a p p i n g   t o o l s   42  and  44  r e s p e c t i v e l y .  

The  w o r k i n g   s u r f a c e s   of   t he   t o o l s   a r e   c o n t i n u o u s l y  

d r e n c h e d   w i t h i n   t h e   w o r k i n g   e n c l o s u r e   32  w i t h   a  

f i n e   a b r a s i v e   f l u i d   f r o m   a  c l o s e d   l o o p   f l u i d i c  

s y s t e m   as  p r e v i o u s l y   m e n t i o n e d .  

D u a l ,   O r b i t a l ,   B r e a k - u p   S t r u c t u r e  

R e f e r r i n g   now  to   FIGURES  2 - 8 ,   t h e r e   w i l l   b e  

s e e n   v a r i o u s   d e t a i l e d   v i e w s   o f   d u a l ,   o r b i t a l ,  

b r e a k - u p   a s s e m b l i e s ,   in   a c c o r d a n c e   w i t h   a  p r e f e r r e d  

e m b o d i m e n t   of   t h e   i n v e n t i o n .  

The  o r b i t a l ,   b r e a k - u p   m o t i o n   a s s e m b l i e s   46  a n d  

48  a r e   m o u n t e d   upon   a  l o w e r   p o r t i o n   of  t h e   f r a m e   22  

and  a r e . i d e n t i c a l   in   f u n c t i o n   and  s t r u c t u r e .  

A c c o r d i n g l y ,   o n l y   u n i t   46  w i l l   be  d e s c r i b e d   in  d e t a i l  

w i t h   c o r r e s p o n d i n g   e l e m e n t s   of  t h e   u n i t   on  t h e   r i g h t  

i n d i c a t e d   by  t h e   same  n u m e r a l   w i t h   t h e   a d d i t i o n   o f  

a  p r i m e   m a r k .  

The  o r b i t a l ,   b r e a k - u p   a s s e m b l y   46  i n c l u d e s   a  

f i r s t   s h a f t   62  w h i c h   i s   j o u r n a l e d   t h r o u g h   an  e c c e n t r i c  

b e a r i n g   a s s e m b l y   64,  n o t e   s h e e t   6,  m o u n t e d   upon  f r a m e   2 2 .  



An  e l e c t r i c   m o t o r   66  i s   a l s o   c o n n e c t e d   to   a  l o w e r  

p o r t i o n   of  t h e   f r a m e   and  i n c l u d e s   a  d o w n w a r d l y  

e x t e n d i n g   o u t p u t   s h a f t   68  to  w h i c h   a  p a i r   o f  

p u l l e y s   70  and  72  a r e   m o u n t e d .   A  f l e x i b l e  

b e l t   74,  n o t e   a l s o   FIGURE  7,  c o n n e c t s   p u l l e y   70  

to  a  p u l l e y   76  m o u n t e d   upon   t h e   l o w e r   end  of  s h a f t  

62.  A  s i m i l a r   f l e x i b l e   b e l t   76  c o n n e c t s   p u l l e y  

72  to  a  p u l l y   78  m o u n t e d   upon   t h e   l o w e r   end  o f  

s h a f t   6 2 ' .   A c c o r d i n g l y ,   t h e   m o t o r  6 6   s e r v e d   t o  

r o t a t e   s h a f t s   62  and   62 '   w i t h i n   t h e   e c c e n t r i c  

b e a r i n g s   64  and  6 4 .  

The  b e a r i n g s   64  and  7 4 ' ,   as  n o t e d   in  FIGURE 

6,  i n c l u d e   a  c y l i n d r i c a l   e c c e n t r i c   80.  T h e  

e c c e n t r i c   i s   r o t a t e d   w i t h i n   t h e   b e a r i n g   a s s e m b l y  

64  by  t h e   p r o v i s i o n   of  a  s e c o n d  e l e c t r i c   m o t o r   8 2  

h a v i n g   a  d o w n w a r d l y   e x t e n d i n g   d r i v e   s h a f t   and  p u l l e y  

84  and  a  s y n c h r o n o u s   d r i v e   b e l t   86,  n o t e   FIGURE  8 ,  

wh ich   p a s s e s   a r o u n d   p u l l e y s   88  and  88'   c o n n e c t e d   t o  

the   e c c e n t r i c .  

As  w i l l   be  a p p r e c i a t e d ,   t h e   u p p e r   e n d s   90,  9 0 '  

of  t he   f i r s t   s h a f t s   62,  62'  e x h i b i t   a  r o t a t i o n a l  

m o t i o n   a b o u t   t h e i r   a x e s   and  a  c i r c u l a r   m o t i o n  

upon  t h e   p e r i p h e r y   of   an  i m a g i n e r y   c y l i n d e r   f r o m  

the   m o t i o n   of  e c c e n t r i c s   80,  8 0 ' .   In  p r a c t i c e ,  

t he   s h a f t s  6 2 ,   62 '   a r e   r o t a t e d   m u s t   f a s t e r   t h a n  

t he   e c c e n t r i c s   80,   80 '   and  in   c o m b i n a t i o n   i m p a r t  

a  d u a l   m o t i o n   to   t h e   u p p e r   end  of  t h e   f i r s t   s h a f t s  

62,  6 2 ' .  

Each   o r b i t a l ,   b r e a k - u p   a s s e m b l y   46  and  48 

f u r t h e r   i n c l u d e s   a  s e c o n d   s h a f t   92,  9 2 '  w h i c h   p r o -  
j e c t s   a t   t h e   u p p e r m o s t   ends   t h e r e o f   i n t o   t h e   w o r k i n g  

e n c l o s u r e   32  and  s e r v e s   to  c a r r y   l a p p i n g   t o o l s   4 2 ,  
44  r e s p e c t i v e l y   h a v i n g   a  p r e - s e l e c t e d   t o r i c  

c u r v a t u r e .  



The  s e c o n d   s h a f t s   92,  92'  e x t e n d   t h r o u g h  

g e n e r a l l y   h o r i z o n t a l   g i m b a l   m o u n t i n g   a s s e m b l i e s  

96,  96'  w h i c h   a r e   m o u n t e d   upon  a  l o w e r   p o r t i o n   o f  

f r a m e  2 2 .  

The  l o w e r m o s t   p o r t i o n   of  t h e   s h a f t s   92,  9 2 '  

a r e   f i t t e d   w i t h   t h e   s o c k e t   p o r t i o n   98,  98'  o f  

u n i v e r s a l   b a l l   j o i n t s   100 ,   1 0 0 ' .   A d j u s t m e n t  

a s s e m b l i e s   102 ,   102 '   w h i c h   w i l l   be  d i s c u s s e d   i n  

d e t a i l   b e l o w ,   c a r r y i n g   b a l l s   104 ,   104 '   i n t e r -  

c o n n e c t   t h e   f i r s t   s h a f t s   62,  62'  w i t h   t he   s e c o n d  

s h a f t s   92,   9 2 ' .   The  r o t a t i o n a l   and  o r b i t a l  

m o t i o n   of  t h e   f i r s t   s h a f t s   a r e   t h u s   i m p a r t e d   t o  

t h e   s e c o n d   s h a f t s   92,  92'  w h i c h   a r e   p r e v e n t e d   f r o m  

r o t a t i o n   by  t h e   g i m b a l   a s s e m b l i e s .   The  r e s u l t a n t  

m o t i o n   of  t h e   l a p p i n g   t o o l s   42  and  44  may  b e  

c h a r a c t e r i z e d   as  an  o r b i t a l   b r e a k - u p   m o t i o n   w h e r e i n  

t he   p r i m a r y   m e r i d i a n   of  t h e   l a p p i n g   t o o l   t o r i c   s u r -  

f a c e   do  n o t   r o t a t e .   In  o r d e r   to   e f f e c t u a t e   t h e  

f o r e g o i n g   m o t i o n s   i t   w i l l   be  a p p r e c i a t e d   by  t h o s e  

s k i l l e d   in   t h e   a r t   t h a t   a  d e g r e e   of  a x i a l   p l a y  

is   b u i l t   i n t o   t h e   c o n n e c t i o n   a s s e m b l i e s   a n d / o r   a n  

a x i a l   s l i p   j o i n t   i s   i n c o r p o r a t e d   i n t o   t he   s h a f t s  

as  d e s i r e d .  

As  p r e v i o u s l y   i n d i c a t e d   l e f t   50  and  r i g h t   5 2  

b l o c k e d   l e n s e s   a r e   p o s i t i o n e d   upon   t h e   u p p e r   s u r f a c e  

of  t h e   l a p p i n g   t o o l s   42  and  44.  The  l e n s e s   a r e   c o n -  

t i n u o u s l y   b i a s e d   i n t o   e n g a g e m e n t   w i t h   t he   l a p p i n g  

t o o l s   by  l e f t   and  r i g h t   a i r   c y l i n d e r   a s s e m b l i e s  

54  and  56  r e s p e c t i v e l y .   L e f t   110  and  r i g h t   1 1 2  

p r o n g s   e x t e n d   d o w n w a r d l y   f rom  e a c h   a i r   c y l i n d e r  

a s s e m b l y   and  f i t s   i n t o   s p a c e d   r e c e s s e s   f o rmed   w i t h i n  

t he   b a c k   s u r f a c e   of  t h e   l e n s   b l o c k s .   H o r i z o n t a l  

arms  114,   114 '   of  the   a i r   p r e s s u r e   b i a s i n g   a s s e m -  

b l i e s   54  and  56  a r e   s u p p o r t e d   by  p i v o t   b r a c k e t s  



11E,  116 '   c a r r i e d   by  t h e   l e f t   and  r i g h t   o r b i t a l ,  

b r e a k - u p   a s s e m b l i e s   58  and  6 0 .  

A s s e m b l i e s   58  and  60  c o m p r i s e s   e l e m e n t s   common  

w i t h   and  a r e   s i m i l a r   in  s t r u c t u r e   and  f u n c t i o n  

to  t he   o r b i t a l ,   b r e a k - u p   a s s e m b l i e s   46  and  4 8 .  

A c c o r d i n g l y   a  d e t a i l e d   d e s c r i p t i o n   of   t h e s e  

a s s e m b l i e s   a r e   i n c o r p o r a t e d   by  r e f e r e n c e   b y  

r e f e r r i n g   a g a i n   to   t h e   d e s c r i p t i o n   of  a s s e m b l i e s  

46  and  48.  B r i e f l y ,   h o w e v e r ,   a s s e m b l i e s   58  and  6 0  

i n c l u d e   f i r s t   g e n e r a l l y   v e r t i c a l   s h a f t s   1 1 8 ,   1 1 8 '  

which   a r e   j o u r n a l e d   t h r o u g h   e c c e n t r i c   b e a r i n g  

a s s e m b l i e s   1 2 0 ,   1 2 0 '   s u c h   as  p r e v i o u s l y   i l l u s t r a t e d  

in  c o n n e c t i o n   w i t h   FIGURE  6 .  

An  e l e c t r i c   m o t o r   122  d r i v e s   s h a f t s   118 ,   1 1 8 '  

w h i l e   e l e c t r i c   m o t o r   124  d r i v e s - e c c e n t r i c s   126 ,   1 2 6 '  

to  p r o d u c e   a  r e s u l t a n t   r o t a t i o n a l   and  o r b i t a l   m o t i o n  

to  the   l o w e r   end  of   s h a f t s   118 ,   1 1 8 ' .   The  a s s e m b l i e s  

58  and  60  a l s o   i n c l u d e   s e c o n d   s h a f t s   1 2 8 ,   128 '   w h i c h  

e x t e n d   t h r o u g h   g i m b a l   m o u n t i n g   a s s e m b l i e s   130 ,   1 3 0 ' .  

The  f i r s t   and  s e c o n d   s h a f t s   a r e   i n t e r c o n n e c t e d  

t h r o u g h   a m p l i t u d e   a d j u s t m e n t   a s s e m b l i e s   132 ,   132 '   a n d  

and  b a l l   j o i n t   a s s e m b l i e s   134 ,   134 '   in   a  m a n n e r  

p r e v i o u s l y   d i s c u s s e d   in  c o n n e c t i o n   w i t h   o r b i t a l  

b r e a k - u p   a s s e m b l i e s   46  and  4 8 .  

In  a c c o r d a n c e   w i t h   t he   f o r e g o i n g ,   p i v o t   b r a c k e t s  

116,  116 '   and  a c c o r d i n g l y   l e n s e s   50  and  52  w i l l  

e x h i b i t   an  o r b i t a l ,   b r e a k - u p   m o t i o n   r e l a t i v e   t o  

the  l a p p i n g   t o o l s   w h e r e i n   t h e   b a s e   and  c r o s s   c u r v e s  

do  not   r o t a t e   b u t   r e m a i n   p a r a l l e l   w i t h   t h e   b a s e  

c u r v e   and  c r o s s   c u r v e   of  the   l a p p i n g   t o o l   d u r i n g  

the  e n t i r e   l e n s   f i n i s h i n g   o p e r a t i o n .  



A d j u s t m e n t   M e c h a n i s m  

R e f e r r i n g   now  to   F I G U R E S  9 - 1 1   t h e r e   w i l l   b e  

s e e n   an  e c c e n t r i c   a d j u s t m e n t   a s s e m b l y   102  f o r  

a d j u s t i n g   t h e   a m p h i t u d e   of  o r b i t a l ,   b r e a k - u p  

m o t i o n   of   t h e   u n i t   a p p a r a t u s   in   a c c o r d a n c e   w i t h  

a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

More  s p e c i f i c a l l y ,   t h e   a d j u s t m e n t   m e m b e r  

i n c l u d e s   a  b a s e   member   140  c o m p r i s i n g   a  g e n e r a l l y  

s o l i d   c y l i n d r i c a l   member   h a v i n g   a / r a d i a l l y   e n -  

l a r g e d   h e a d   p o r t i o n   142  a t   one  end  t h e r e o f .   T h e  

o t h e r   end   144  of   t h e   c y l i n d r i c a l   member   f i t s  

s e c u r e l y   w i t h i n   a  m o u n t i n g   r i n g   146  w h i c h   may  b e  

f i x e d l y   c o n n e c t e d   to   t h e   f r e e   e n d - o f   s h a f t   6 2 ,  

n o t e   FIGURES  2  and   3.  A c c o r d i n g l y ,   t h e   c y l i n d r i c a l  

b a s e   member   140  w i l l   f o l l o w   t h e  r o t a t i n g   o r b i t a l  

m o t i o n   of  t h e   s h a f t   6 2 .  

The  f r e e   end   of  t h e   r a d i a l l y   e n l a r g e d   head   p o r -  
t i o n   142  i s   f a s h i o n e d   w i t h   a  c y l i n d r i c a l   r e c e s s   1 4 8  

h a v i n g   a  c e n t r a l   l o n g i t u d i n a l   a x i s   150  w h i c h   i s  

r a d i a l l y   o f f s e t   f r o m   t he   c e n t r a l   l o n g i t u d i n a l  

a x i s   152  of   t h e  b a s e   member   140 .   An  e c c e n t r i c  

member  154  c o m p r i s i n g   a  g e n e r a l l y   s o l i d   c y l i n d r i c a l  

p l u g   i s   d i m e n s i o n e d   to   be  c o a x i a l l y   r e c e i v e d  

w i t h i n   r e c e s s   1 4 8 .   An  u p p e r   s u r f a c e   of  t h e   e c c e n t r i c  

member  154  has   a  t h r e a d e d   r e c e s s   158  to  r e c e i v e   a  

t h r e a d e d   m o u n t i n g   f o r   a  b a l l   104  of  a  u n i v e r s a l  

b a l l   j o i n t   100 ,   n o t e   FIGURE  3.  As  can  be  s e e n   i n  

FIGURES  10  and  11,   t h e   b a l l   m o u n t i n g   r e c e s s   158  i s  

r a d i a l l y   o f f s e t   f r o m   t he   c e n t r a l   p i v o t a l   a x i s   o f  

the   e c c e n t r i c   154  s u c h   t h a t   r o t a t i o n   of  s a i d  

e c c e n t r i c   w i l l   s e r v e   to  v a r y   t h e   d i s t a n c e   the   b a l l  

m o u n t i n g   i s   o f f s e t   w i t h   r e s p e c t   to  t h e   c e n t r a l  

l o n g i t u d i n a l   a x i s   152  of  t he   b a s e   member ;   c o m p a r e  

the   d i s t a n c e   of  o f f s e t   A  in  FIGURE  10  w i t h   t h e  



d i s t a n c e   of   o f f s e t   B  in  FIGURE  1 1 .  

A d j u s t m e n t   of  t h e   o f f s e t   d i s t a n c e   i s   a c h i e v e d  

by  t h e   p r e s e n t   i n v e n t i o n   t h r o u g h   t h e   p r o v i s i o n  

of  a  r a d i a l l y   o p e n i n g   window  160  and   an  a d j u s t m e n t  

arm  162  w h i c h   p r o j e c t s   t h r o u g h '   t h e   w indow  a n d  

s c r e w s   i n t o   t h e   e c c e n t r i c   1 5 4 .  

In  o r d e r   to   i n i t i a l l y   s e c u r e   t h e   a d j u s t m e n t  

arm  162  in   a  g i v e n   p o s i t i o n   a  r e t a i n i n g   c o l l a r   1 6 4 ,  

h a v i n g   a  p l u r a l i t y   of  s l o t s   166  in   a  l o n g i t u d i n a l  

r i m   t h e r e o f ,   i s   m o u n t e d   a b o u t   t h e   b a s e   member   1 4 0 .  

M o u n t i n g   i s   a c h i e v e d   by  a  p l u r a l i t y   of  t h r e a d e d  

r o d s   168  w h i c h   e x t e n d   t h r o u g h   c o r r e s p o n d i n g   l o n g i t u -  

d i n a l   s l o t s   170  in   t h e   c o l l a r   1 6 4 .   The  r o d s   1 6 8  

t h r e a d   i n t o   c o r r e s p o n d i n g   r a d i a l   o p e n i n g s ,   s u c h  

as  172 ,   in   t h e   b a s e   member   140  and   t h u s   p e r m i t   t h e  

r e t a i n i n g   c o l l a r   164  to  a x i a l l y  s l i d e   a l o n g   t h e  

c o l l a r   w h i l e   r e l a t i v e   r o t a t i o n   i s   p r e v e n t e d .  

The  i n n e r   p e r i p h e r y   of  t h e   c o l l a r   i s   f a s h i o n e d  

w i t h   a  r a d i a l   s t o p   l e d g e   174  w h i c h   o p e r a b l y   a b u t s  

a g a i n s t   t h e   e n l a r g e d   head   p o r t i o n   142  of  t h e   b a s e  

m e m b e r .  

The  s t o p   l e d g e   174  of  t h e   r e t a i n i n g   c o l l a r   1 6 4  

i s   n o r m a l l y   b i a s e d   a g a i n s t   t h e   h e a d   p o r t i o n   1 4 2  

by  t h e   p r o v i s i o n   of  a x i a l l y   e x t e n d i n g   c o m p r e s s i o n  

s p r i n g s   176 .   In  t h i s   p o s t u r e   a  n o t c h   166  of  t h e  

' r e t a i n i n g   r i n g   w i l l   f i t   a r o u n d   t h e   a d j u s t m e n t   a r m  

162  to   m a i n t a i n   the   e c c e n t r i c   154  in   a  d e s i r e d  

p o s i t i o n .  

When  i t   i s   d e s i r a b l e   to  a d j u s t   t h e   p o s i t i o n   o f  

t h e   e c c e n t r i c   and  t h u s   t he   a m p l i t u d e   of  t he   o r b i t a l ,  

b r e a k - u p   m o t i o n   of  t h e   a p p a r a t u s ,   t h e   c o l l a r   164  i s  



d e p r e s s e d   a g a i n s t   t he   c o m p r e s s i o n   s p r i n g s   176  a n d  

t h e   arm  162  i s   r o t a t e d   to  a  d e s i r e d   p o s i t i o n .   T h e  

r e t a i n i n g   r i n g   i s   t h e n   r e l e a s e d   and  a  s l o t   1 6 6  

r e - e n g a g e s   t h e   a d j u s t m e n t   a rm;   c o m p a r e   t h e   p o s i t i o n  

of  a d j u s t m e n t   arm  162  i n , F I G U R E S   10  and  11.  I n  

o r d e r   to   g a u g e   t h e   d e g r e e   of   a d j u s t m e n t   a  s e c o n d  

c o l l a r   180  i s   m o u n t e d   a b o u t   t h e   u p p e r   end  of  c o l l a r  

164  and  i s   i m p r i n t e d   w i t h   n u m e r i c a l   i n d i c i a   1 8 2  

c o r r e s p o n d i n g   to   s l o t ,   and  t h u s   a d j u s t m e n t ,   l o c a -  

t i o n s   on  t h e   r e t a i n i n g   c o l l a r   16 ,4 .  

In  o r d e r   to  t i g h t l y   s e c u r e   t h e   e c c e n t r i c   154  i n  

a  p o s i t i o n   of  a d j u s t m e n t ,   in   a d d i t i o n   to  arm  1 6 2  

and  c o l l a r   164 ,   t he   h e a d   p o r t i o n   142  of  t h e   b a s e  

member   140  i s   f a s h i o n e d   w i t h   a  t h r e a d e d   a p e r a t u r e  

184  w h i c h   r a d i a l l y   i n t e r s e c t s   a x i s   150.   T h e  

e c c e n t r i c   i s   f a s h i o n e d  w i t h   a  p e r i p h e r a l   r e c e s s   1 8 6  

and  a  s e t   s c r e w   188  e x t e n d s   t h r o u g h   t h e   a p e r a t u r e   t o  

r e l e a s a b l y   e n g a g e   t h e   r e c e s s   1 8 6  a n d   r e t a i n   t h e  

e c c e n t r i c   in   a  d e s i r e d   p o s i t i o n   of  a d j u s t m e n t .  

In  t h e   e v e n t   i t   i s   d e s i r e d   to   i n c r e a s e   o r  

d e c r e a s e   t h e   a m p h i t u d e   of  t h e   u n i t s   o r b i t a l ,   b r e a k -  

up  m o t i o n ,   by  o f f s e t t i n g   t h e   b a l l   104  w i t h   r e s p e c t  

to   t h e   c e n t r a l ,   l o n g i t u d i n a l   a x i s   of  t h e   b a s e   1 4 0 ,  

t h e   s e t   s c r e w   188  i s   b a c k e d   o f f   and  t h e   c o l l a r   1 6 4  

d e p r e s s e d   a g a i n s t   c o m p r e s s i o n   s p r i n g s   176.   T h e  

a d j u s t m e n t   arm  162  i s   t h e n   r o t a t e d   to  a  d e s i r e d  

n u m e r i c a l   s t a t i o n   and  t h e   r e t a i n i n g   c o l l a r   1 6 4  

i s   r e l e a s e d   w h e r e b y   a  n o t c h   166  r e - e n g a g e s   t h e  

a d j u s t m e n t   arm  162.  The  s e t   s c r e w   is   t h e n   t i g h t e n e d  

down  and  t h e   a d j u s t m e n t   i s   c o m p l e t e d .  

ADVANTAGES  OF  THE  INVENTION 

A f t e r   r e v i e w i n g   t he   f o r e g o i n g   d e s c r i p t i o n   of   a  

p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   in  c o n j u n c t i o n  

w i t h   t h e   d r a w i n g s ,   i t   w i l l   be  a p p r e c i a t e d   by  t h o s e  



s k i l l e d   in   t h e   a r t   t h a t   s e v e r a l   d i s t i n c t   a d v a n t a g e s  

of   t h e   s u b j e c t   p o l i s h e r - f i n e r   a p p a r a t u s   a r e   o b t a i n e d .  

W i t h o u t   a t t e m p t i n g   to   s e t   f o r t h   a l l   of  t h e  

d e s i r a b l e   f e a t u r e s   of  t h e   i n s t a n t   i n v e n t i o n ,   a t  

l e a s t   some  of  t h e   m a j o r   a d v a n t a g e s   i n c l u d e   t h e  

u n i q u e   o r b i t a l ,   b r e a k - u p   m o t i o n   of   b o t h   t h e   l a p p i n g  

t o o l   and   t h e   l e n s   b e i n g   f i n i s h e d .  

The  d u a l ,   o r b i t a l ,   b r e a k - u p   m o t i o n " e n h a n c e s  

t h e   r e l a t i v e   m o v e m e n t  b e t w e e n   t h e   l e n s   and  l a p p i n g  

t o o l   to   i n c r e a s e   t h e   s p e e d   of  t h e   l e n s   f i n i s h i n g  

o p e r a t i o n   w i t h o u t   i m p a r t i n g   a  r e g u l a r   o r   u n i f o r m  

m o t i o n   f a c t o r   w h i c h   m i g h t   t e n d   t o   p e r m i t   f i n e  

r i d g e s ,   g r o o v e s   o r   t h e   l i k e   to  f o r m   d u r i n g   t h e  

f i n i s h i n g   p r o c e s s .  

The  a d j u s t m e n t   a s s e m b l y   p e r m i t s   t h e   b a l l   o f  

t h e   u n i v e r s a l   b a l l   j o i n t   u n i t   to   be  s e l e c t i v e l y  

o f f s e t   to   f a c i l e l y   a d j u s t   t h e   a m p h i t u d e   of  t h e  

o r b i t a l ,   b r e a k - u p   m o t i o n   of  t h e   l a p p i n g   t o o l   a n d  

l e n s .  

In  d e s c r i b i n g   t h e   i n v e n t i o n ,   r e f e r e n c e   h a s  

b e e n   made  to  a  p r e f e r r e d   e m b o d i m e n t .   T h o s e  

s k i l l e d   i n  t h e   a r t ,   h o w e v e r ,   and  f a m i l i a r   w i t h  

t h e   d i s c l o s u r e   o f   t he   s u b j e c t   i n v e n t i o n ,   may  

r e c o g n i z e   a d d i t i o n s ,   d e l e t i o n s ,   m o d i f i c a t i o n s ,  

s u b s t i t u t i o n s   a n d / o r   o t h e r   c h a n g e s   w h i c h   w i l l   f a l l  

w i t h i n   t h e   p u r v i e w   of  the   s u b j e c t   i n v e n t i o n .  



1.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s  

c o m p r i s i n g :  

a  f r a m e ;  

f i r s t   means   c o n n e c t e d   to   s a i d   f r a m e   f o r  

p r o v i d i n g   an  o r b i t a l ,   b r e a k - u p   m o t i o n   t o  

a  l a p p i n g   t o o l   h a v i n g   a  p o l i s h i n g   s u r f a c e  

o f   a  s e l e c t e d   b a s e   c u r v e   and  c r o s s   c u r v e ;  

s e c o n d   means   c o n n e c t e d   to  s a i d   f r a m e   f o r  

p r o v i d i n g   an  o r b i t a l ,   b r e a k - u p   m o t i o n   to   a  

l e n s   of  common  b a s e   c u r v e   and  c r o s s   c u r v e  

w i t h   t h e   l a p p i n g   t o o l ;  

means   c o n n e c t e d   to   s a i d   f r a m e   f o r   b i a s i n g  

t he   l e n s   i n t o   e n g a g e m e n t   w i t h   t he   l a p p i n g  

t o o l ;  

f i r s t   a d j u s t m e n t   m e a n s   c o n n e c t e d   to  s a i d  

f i r s t   means   f o r   p r o v i d i n g   an  o r b i t a l ,  

b r e a k - u p   m o t i o n   to   t h e   l a p p i n g   t o o l   f o r  

a d j u s t i n g   t h e   a m p l i t u d e   of  t h e   o r b i t a l  

m o t i o n   of  t h e   l a p p i n g   t o o l ;   a n d  

s e c o n d   a d j u s t m e n t   means   c o n n e c t e d   to   s a i d  

s e c o n d   means   f o r   p r o v i d i n g   an  o r b i t a l ,  

b r e a k - u p   m o t i o n   to   t h e   l e n s ,   f o r   a d j u s t i n g  

the   a m p l i t u d e   of  t he   o r b i t a l ,   b r e a k - u p  

m o t i o n   of  t h e   l e n s ,   w h e r e b y   a  c o m b i n a t i o n  

of  a d j u s t a b l e ,   o r b i t a l ,   b r e a k - u p   m o v e m e n t s  

a re   p r o v i d e d   b e t w e e n   the   l e n s   s u r f a c e   a n d  

the   l a p p i n g   t o o l   s u r f a c e .  



2.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s  

as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   f i r s t   m e a n s  

f o r   p r o v i d i n g   an  o r b i t a l ,   b r e a k - u p   m o t i o n   t o   a  

l a p p i n g   t o o l   c o m p r i s e s :  

a  f i r s t   s h a f t   h a v i n g   an  u p p e r   end  and  a  

l o w e r   e n d ;  

m e a n s . c o n n e c t e d   t o   t h e   l o w e r   end  of  s a i d  

f i r s t   s h a f t   f o r   r o t a t i n g   s a i d   s h a f t   a b o u t  

i t s   a x i s ;  

means   f o r   m o v i n g   t h e   a x i s   of   s a i d   f i r s t  

s h a f t   in  a  c i r c u l a r   p a t h   s u c h   t h a t   t h e  

p a t h   of  m o t i o n   of   s a i d   a x i s   l i e s   upon   t h e  

e x t e r i o r   s u r f a c e   of  an  i m a g i n e r y   c y l i n d e r ;  

a  s e c o n d   s h a f t   h a v i n g   an  u p p e r   e n d ,   f o r  

o p e r a b l e   c o n n e c t i o n   to  t h e   l a p p i n g   t o o l ,  

and  a  l o w e r   e n d ;  

u n i v e r s a l   b a l l   j o i n t   means   f o r   c o n n e c t i n g  

t h e   u p p e r   end   of   s a i d   f i r s t   s h a f t   w i t h   t h e  

l o w e r   end  of  s a i d   s e c o n d   s h a f t ;   a n d  

g e n e r a l l y   h o r i z o n t a l   g i m b a l  m e a n s   m o u n t e d  

upon  s a i d   f r a m e   f o r   s u p p o r t i n g   s a i d   s e c o n d  

s h a f t   i n t e r m e d i a t e   t h e   e n d s   t h e r e o f  

w h e r e i n   r o t a t i o n   of  s a i d   f i r s t   s h a f t   a n d  

m o v e m e n t   o f   t h e   a x i s   t h e r e o f   in   a  c i r c u l a r  

p a t h   i m p a r t s   an  o r b i t a l ,   b r e a k - u p   m o t i o n  

to  the   g i m b a l   m o u n t e d   l a p p i n g   t o o l .  



3.  An  a p p a r a t u s   f o r   f i n i s h i n g   the   s u r f a c e   of  a  l e n s  

as  d e f i n e d   in  c l a i m   1  or  2  w h e r e i n   s a i d   s e c o n d  

m e a n s   f o r   p r o v i d i n g   an  o r b i t a l ,  b r e a k - u p   m o t i o n  

to   t h e   l e n s   c o m p r i s e s :  

a  f i r s t   s h a f t   h a v i n g   an  u p p e r   end  a n d  

a  l o w e r   e n d ;  

means  c o n n e c t e d   to  t h e   u p p e r   end  of  s a i d  

f i r s t   s h a f t   f o r   r o t a t i n g   s a i d   s h a f t   a b o u t  

i t s   a x i s ;  

means  f o r   m o v i n g   t h e   a x i s   of  s a i d   f i r s t  

s h a f t   in   a  c i r c u l a r   p a t h   s u c h   t h a t   t h e  

p a t h   of  m o t i o n   of  s a i d   a x i s   l i e s   upon   t h e  

e x t e r i o r   s u r f a c e   of  an  i m a g i n e r y   c y l i n d e r ;  

a  s e c o n d   s h a f t   h a v i n g   a  l o w e r   end ,   f o r  

o p e r a b l e   c o n n e c t i o n   to  t he   l e n s ,   and  a n  

u p p e r   e n d ;  

u n i v e r s a l   b a l l   j o i n t   means   f o r   c o n n e c t i n g   t h e  

l o w e r   end  of  s a i d   f i r s t   s h a f t   w i t h   t h e   u p p e r  
end  of  s a i d   s e c o n d   s h a f t ;   a n d  

g e n e r a l l y   h o r i z o n t a l   g i m b a l   means  m o u n t e d  

upon  s a i d   f r a m e   f o r   s u p p o r t i n g   s a i d   s e c o n d  

s h a f t   i n t e r m e d i a t e   t h e   ends   t h e r e o f   w h e r e i n  

r o t a t i o n   of  s a i d   f i r s t   s h a f t   and  m o v e m e n t   o f  

the   a x i s   t h e r e o f   in  a  c i r c u l a r   p a t h   i m p a r t s  

an  o r b i t a l ,   b r e a k - u p   m o t i o n   to  the   g i m b a l  

m o u n t e d   l e n s .  



4.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s   a s  

d e f i n e d   in  c l a i m   3  w h e r e i n   s a i d   s e c o n d   means   f o r  

a d j u s t i n g   t h e   a m p l i t u d e   o f  t h e   o r b i t a l ,   b r e a k - u p  

m o t i o n   of   t h e   l e n s   c o m p r i s e s :  

b a s e   means   f o r   c o n n e c t i o n ,   a t   one  end ,   w i t h  

t h e   l o w e r   end  of  s a i d   f i r s t   s h a f t   o f  

s a i d   s e c o n d   means   f o r   p r o v i d i n g   a n  

o r b i t a l ,   b r e a k - u p   m o t i o n   to   t h e   l e n s ;  

e c c e n t r i c   means   c o n n e c t e d   to   t h e   o t h e r  

end  of   s a i d   b a s e   m e a n s  f o r   c o n n e c t i o n ,  

s a i d   e c c e n t r i c   means   h a v i n g   a  c e n t r a l  

l o n g i t u d i n a l   a x i s   o f f s e t   w i t h   r e s p e c t  

to   a  c e n t r a l   l o n g i t u d i n a l   a x i s   of  s a i d  

b a s e   m e a n s ;  

b a l l   means   m o u n t e d   a t  o n e   end  upon  s a i d  

e c c e n t r i c   means   and  a t   t h e   o t h e r   e n d  

w i t h i n   s a i d   u n i v e r s a l   b a l l   j o i n t   m e a n s ,  

s a i d   b a l l   means   b e i n g   m o u n t e d   upon  s a i d  

e c c e n t r i c   means   i n  a   p o s i t i o n   r a d i a l l y  

o f f s e t   f r o m   t h e   c e n t r a l   l o n g i t u d i n a l   a x i s  

of  s a i d   e c c e n t r i c   m e a n s ;   a n d  

means   f o r   r o t a t i o n a l l y   a d j u s t i n g   s a i d  

e c c e n t r i c   means   a b o u t   i t s   c e n t r a l  

l o n g i t u d i n a l   a x i s   f o r   s e l e c t i v e l y   v a r y i n g  

t h e   d i s t a n c e   s a i d   b a l l   means   i s   r a d i a l l y  

o f f s e t   f rom  t he   c e n t r a l   l o n g i t u d i n a l  

a x i s   of  s a i d   b a s e   m e a n s .  



5.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s   a s  

d e f i n e d   in  c l a i m   4  w h e r e i n   s a i d   means   f o r  

r o t a t i o n a l l y   a d j u s t i n g   s a i d   e c c e n t r i c   m e a n s  

c o m p r i s e s :  

c o l l a r   means   m o u n t e d   a b o u t   s a i d   b a s e   m e a n s  

w i t h   t h e   l o w e r   end  of  s a i d   f i r s t   s h a f t ;  

a n d  

arm  m e a n s   c o n n e c t e d   to  s a i d   e c c e n t r i c  

m e a n s   f o r   r o t a t i n g   s a i d  e c c e n t r i c   m e a n s  

w i t h   r e s p e c t   to  s a i d   c o n n e c t i o n   means   a n d  

b e i n g   s e l e c t i v e l y   e n g a g e a b l e   w i t h   s a i d   c o l l a r  

m e a n s   to   r e l e a s a b l y   h o l d   s a i d   e c c e n t r i c  

m e a n s   in   a  s e l e c t e d   p o s i t i o n   of  r o t a t i o n a l  

a d j u s t m e n t .  

6.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s  

as  d e f i n e d   in   c l a i m   5  w h e r e i n :  

s a i d   c o l l a r   means   i s   p r o v i d e d   w i t h   a  

p l u r a l i t y   of  s l o t s   w i t h i n   one  end  t h e r e o f  

and  i s   m o u n t e d   f o r   s e l e c t i v e   r e c i p r o c a t i o n  

a b o u t   s a i d   b a s e   m e a n s ;   a n d  

m e a n s   f o r   b i a s i n g   s a i d   s l o t s   i n t o   e n g a g e -  

m e n t   w i t h   s a i d   arm  means   w h e r e i n   s a i d  

c o l l a r   means   may  be  r e c i p r o c a t e d   a g a i n s t  

s a i d   s p r i n g   b i a s   and  away  f rom  s a i d   a r m  

means   to  f r e e   s a i d   arm  means   to  a d j u s t  

s a i d   e c c e n t r i c   means   and  t h e n   b i a s e d   b a c k  

i n t o   s e c u r i n g   e n g a g e m e n t   w i t h   s a i d   a r m  

m e a n s .  



7.  An  a p p a r a t u s   f o r   f i n i s h i n g   a  s u r f a c e   of  a  l e n s  

as  d e f i n e d   in  c l a i m   6  and  f u r t h e r   c o m p r i s i n g :  

means   f o r   s e l e c t i v e l y   s e c u r i n g   t h e   r o t a -  

t i o n a l   p o s i t i o n   of  s a i d   e c c e n t r i c   m e a n s  

w i t h   r e s p e c t   to  s a i d   b a s e   m e a n s   f o r  

c o n n e c t i o n .  

8.  An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   of   o r b i t a l ,  

b r e a k - u p   m o t i o n   of  a  l e n s   f i n i s h i n g   m a c h i n e  

h a v i n g   a t   l e a s t   a  f i r s t   a s s e m b l y   m e a n s   i n c l u d i n g  

a  r o t a t i n g   and  o r b i t a t i n g   f i r s t   s h a f t   and  a  

g i m b a l   m o u n t e d   s e c o n d   s h a f t   w h i c h   o p e r a b l y   p r o v i d e s  

r e l a t i v e   m o t i o n   b e t w e e n   a  l e n s   and   a  l e n s  

.  f i n i s h i n g   t o o l   w h e r e i n   s a i d   a p p a r a t u s   f o r  

a d j u s t i n g   c o m p r i s e s :  

b a s e   means   f o r   c o n n e c t i o n ,   a t   one  e n d ,   to   a  

f r e e   end  of  t h e   f i r s t   s h a f t   f o r   r o t a t i n g  

and  o r b i t i n g   t h e r e w i t h ;  

e c c e n t r i c   means   c o n n e c t e d   to   t h e   o t h e r  

end  of  s a i d   b a s e   means   and  h a v i n g   a  

c e n t r a l   l o n g i t u d i n a l   a x i s   o f f s e t   w i t h  

r e s p e c t   to  a  c e n t r a l   l o n g i t u d i n a l   a x i s  

of  s a i d   b a s e   m e a n s ;  

b a l l   means   m o u n t e d   upon   s a i d   e c c e n t r i c  

means   f o r   u n i v e r s a l   c o n n e c t i o n   to  s a i d  

g i m b a l   m o u n t e d   s e c o n d   s h a f t ,   s a i d   b a l l  

means  b e i n g   m o u n t e d   in  a  p o s i t i o n   r a d i a l l y  

o f f s e t   f r om  t h e   c e n t r a l   l o n g i t u d i n a l  

a x i s   of  s a i d   e c c e n t r i c   m e a n s ;   a n d  



means   f o r   r o t a t i o n a l l y   a d j u s t i n g   s a i d  

e c c e n t r i c   means   a b o u t   i t s   c e n t r a l  

l o n g i t u d i n a l   a x i s   f o r   s e l e c t i v e l y  

v a r y i n g   t he   d i s t a n c e   s a i d   b a l l   m e a n s  

i s   r a d i a l l y   o f f s e t   f r o m   t h e   c e n t r a l  

l o n g i t u d i n a l   a x i s   of   s a i d   b a s e   m e a n s .  

9.  An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   of  o r b i t a l ,  

b r e a k - u p   m o t i o n   of  a  l e n s   f i n i s h i n g   m a c h i n e   a s  

d e f i n e d   in   c l a i m   8  w h e r e i n   s a i d   means   f o r  

r o t a t i o n a l l y   a d j u s t i n g   s a i d  e c c e n t r i c   m e a n s  

c o m p r i s e s  

c o l l a r   means   m o u n t e d   a b o u t   s a i d   b a s e  

m e a n s ;   a n d  

arm  means   c o n n e c t e d   t o -  s a i d   e c c e n t r i c  

means   f o r   r o t a t i n g   s a i d   e c c e n t r i c  

means   w i t h   r e s p e c t   to   s a i d   b a s e  

means   and  s e l e c t i v e l y   e n g a g e a b l e   w i t h  

s a i d   c o l l a r   m e a n s   to   r e l e a s a b l y   h o l d  

s a i d   e c c e n t r i c   m e a n s   i n   a  g i v e n  

p o s i t i o n   of  r o t a t i o n a l   a d j u s t m e n t .  

10.  An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   of  o r b i t a l ,  

b r e a k - u p   m o t i o n   of  a  l e n s   f i n i s h i n g   m a c h i n e  

as  d e f i n e d   in  c l a i m   9  w h e r e i n :  

s a i d   c o l l a r   means   i s   p r o v i d e d   w i t h   a  

p l u r a l i t y   of  s l o t s   w i t h i n   one  e n d  

t h e r e o f   and  is   m o u n t e d   f o r   s e l e c t i v e  

r e c i p r i c a t i o n   u p o n   s a i d   ba se   m e a n s ;  

a n d  



means   f o r   b i a s i n g   s a i d   c o l l a r   s l o t s   i n t o  

e n g a g e m e n t   w i t h   s a i d   arm  means   w h e r e i n  

s a i d   c o l l a r   means   may  be  r e c i p r o c a t e d  

a g a i n s t   s a i d   s p r i n g   b i a s   and  away  f r o m  

s a i d   arm  means   to   f r e e   s a i d   arm  m e a n s  

f o r   a d j u s t i n g   s a i d   e c c e n t r i c   means   a n d  

upon  a d j u s t m e n t   b i a s i n g   s a i d   c o l l a r  

means   i n t o   s e c u r i n g   e n g a g e m e n t   w i t h   s a i d  

arm  m e a n s .  

11.   An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   o f   o r b i t a l ,  

b r e a k - u p   m o t i o n   of   a  l e n s   f i n i s h i n g  m a c h i n e  

as  d e f i n e d   in  c l a i m   10  and   f u r t h e r   c o m p r i s i n g :  

s e c o n d   means   f o r   s e l e c t i v e l y   s e c u r i n g  

t h e   r o t a t i o n a l   p o s i t i o n   of   s a i d   e c c e n t r i c  

means   w i t h   r e s p e c t   t o - s a i d   b a s e   m e a n s .  

12.  An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   of   o r b i t a l ,  

b r e a k - u p   m o t i o n   of  a  l e n s   f i n i s h i n g   m a c h i n e  

as  d e f i n e d   in  c l a i m   8  w h e r e i n :  

s a i d   b a s e   means   c o m p r i s e s   a  g e n e r a l l y  

s o l i d   c y l i n d r i c a l   member   h a v i n g   a  r a d i a l l y  

e n l a r g e d  h e a d   p o r t i o n ;   a n d  

s a i d   e c c e n t r i c   means   c o m p r i s e s   a  c y l i n -  

d r i c a l   member   m o u n t e d   w i t h i n   a  c y l i n d r i c a l  

r e c e s s   r a d i a l l y   o f f s e t   f rom  t h e   c e n t r a l  

l o n g i t u d i n a l   a x i s   of   s a i d   e n l a r g e d  

h e a d   p o r t i o n .  



13.  An  a p p a r a t u s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   o f  

o r b i t a l   b r e a k - u p   m o t i o n   of  a  l e n s   f i n i s h i n g  

m a c h i n e   as  d e f i n e d   in  c l a i m   12  w h e r e i n :  

s a i d   r a d i a l l y   e n l a r g e d   h e a d   p o r t i o n  

i s   f a s h i o n e d   w i t h   a  r a d i a l l y   o p e n i n g  

w i n d o w   e x p o s i n g   t h e   i n t e r i o r   o f  

s a i d   c y l i n d r i c a l   r e c e s s ;   a n d  

s a i d   m e a n s   f o r   r o t a t i o n a l l y   a d j u s t i n g  

i n c l u d e s   arm  means   r a d i a l l y   e x t e n d i n g  

t h r o u g h   s a i d   w indow  and   i n t o   e n g a g e m e n t  

w i t h   s a i d   e c c e n t r i c   m e a n s   p o s i t i o n e d  

w i t h i n   c y l i n d r i c a l   r e c e s s .  

14.  An  a p p a r a t u s   f o r   a j u s t i n g   t h e   a m p l i t u d e   o f  

o r b i t a l   b r e a k - u p   m o t i o n   o f  a   l e n s   f i n i s h i n g  

m a c h i n e   as  d e f i n e d   in   c l a i m   13  w h e r e i n   s a i d   m e a n s  

f o r   r o t a t i o n a l l y   a d j u s t i n g   f u r t h e r   c o m p r i s e s :  

c o l l a r   means   m o u n t e d   a b o u t   s a i d  

g e n e r a l l y   s o l i d   c y l i n d r i c a l   member  a n d  

h a v i n g   a  p l u r a l i t y   of   n o t c h e s   in  o n e  

end  t h e r e o f ;   . 

m e a n s  f o r   p e r m i t t i n g   s a i d   c o l l a r   m e a n s  

to  t r a n s l a t e   r e l a t i v e   to   s a i d   g e n e r a l l y  

s o l i d   c y l i n d r i c a l   member   w h i l e   no t   p e r -  

m i t t i n g   r e l a t i v e   r o t a t i o n   w i t h   r e s p e c t  

t h e r e t o ;   a n d  

means   f o r   b i a s i n g   s a i d   c o l l a r   means  and  a  

g i v e n   one  of  s a i d   s l o t s   i n t o   e n g a g e m e n t   w i t h  



w i t h   s a i d   arm  m e a n s ,   w h e r e i n   a x i a l  

t r a n s l a t i o n   of  s a i d   c o l l a r   m e a n s  

w i l l   o p e r a b l y   s e r v e   t o   f r e e  

s a i d   arm  m e a n s   f o r   r o t a t i n g   s a i d  

e c c e n t r i c   m e a n s '  a n d   v a r y i n g   t h e   r a d i a l  

o f f s e t   of  s a i d   b a l l   m e a n s   w i t h   r e s p e c t  

to  t h e   c e n t r a l   l o n g i t u d i n a l   a x i s   o f  

s a i d   g e n e r a l l y   s o l i d   c y l i n d r i c a l   b a s e  

m e m b e r .  

1 5 .  A n   a p p a r a t u s   f o r   a d j u s t i n g  t h e   a m p l i t u d e   of   o r -  

b i t a l   b r e a k - u p   m o t i o n   of   a  l e n s   f i n i s h i n g   m a c h i n e   as  

d e f i n e d   in   c l a i m   14  and  f u r t h e r   c o m p r i s i n g :  

a  p e r i p h e r a l   r e c e s s   f a s h i o n e d   w i t h i n  

s a i d   e c c e n t r i c  m e a n s ;   a n d  

s e t   s c r e w  m e a n s   e x t e n d i n g   t h r o u g h   a  

l a t e r a l   l o c a t i o n   of   s a i d   e n l a r g e d  

h e a d   p o r t i o n   of   s a i d   b a s e   means  f o r  

e n g a g e m e n t   w i t h   s a i d   p e r i p h e r a l   r e c e s s  

to   s e l e c t i v e l y   l o c k   s a i d   e c c e n t r i c  

m e a n s   w i t h   r e s p e c t   t o   s a i d   s o l i d  

c y l i n d r i c a l   b a s e   m e m b e r .  
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